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conversion. Any differences in the behaviors between the treatment and control groups can 131 only be attributed to the reduction in feeding. The single daily meal feeding regime was 132 selected to make the study comparable with previous work that investigated the effect of 133 longer feed reduction periods of 30 days in this species (Cañon Jones et al. 2010) . No fish 134 mortalities occurred during the study and all fish were euthanized using overdose of 135 benzocaine chlorhydrate (> 250 mg Norway) at the beginning of the experiment. All fish achieved full anesthesia within 3 minutes 143 and tagging was carried out during the following minute. Tags were designed to allow 144 individual identification of fish using a combination of black or white geometric designs 145 (circles, triangles, squares, rectangles and crosses of 2.5 by 2.5 cm) made from plastic 146 printing paper (Xerox ® Special Advanced Media Digital Colour, Premium Never Tear 95µ 147 Polyester paper). The tags were inserted under the skin behind the dorsal fin of each fish 148 using strong silk thread and a standard commercial Floy Tag (Hallprint ® , Polyepalticthylene 149 streamer tags, series PST). Macroscopic tissue damage of the skin was minimal and no 150 significant effect of tag type on weight, length or fin damage was observed between 151 experimental groups. After tagging, fish were transferred back to the designated 152 experimental tank and observed for 30 minutes after recovery from anesthesia. An 153 emergency recovery tank with highly oxygenated freshwater (> 99% dissolved oxygen 154 injected through block diffusers connected to oxygen gas tanks) was available permanently 155 during tagging of fish in case assisted recovery or veterinary assistance was required. 156
Housing, water quality and environmental conditions 159
160
Fish were housed in 300 L plastic circular tanks (50 cm high and 78 cm diameter). Filtered 161 ambient surface freshwater (300 microns, 9-10ºC) was provided throughout the experiment. 162
Dissolved oxygen content (100.1±0.9 % of saturation) and water temperature (10.4±0.2°C) 163
were measured and recorded twice daily using a calibrated sensor (OxyGuard © Handy 164 Alpha, OxyGuard International A/S). Water flow was controlled at an exchange rate of 10 L 165 minute -1 in an open flow system with water velocities of one fish body length second -1
. A 24 166 hour light photoperiod regime was used throughout the study. 167
168

Physical measures 169 170
Initial and final weights (g) and lengths (total tail-fork length in mm) were measured in 171 each fish. Individual specific growth rates (SGR), feed conversion ratio (FCR) and Fulton's 172 condition factor (K) were calculated for each fish. SGR was calculated as ln w1 -ln w0)/Δt, 173 where w1 was the wet weight of fish (g) at sampling time 1, w0 was the wet weight of fish (g) 174 at sampling time 0, and Δt was the number of days between sampling times. FCR was 175 calculated as total feed given (Kg) / fish weight gain (g). K was calculated as W/L3, where W 176 was the weight of the fish (g), L3 was the length of the fish to the power of 3. 177
178
Quantification of fin damage 179 180
Damage to the dorsal, pectoral, ventral, anal, upper and lower caudal fins was 181 evaluated from digital photographs of every fish taken at the beginning and end of the 182 experiment. Fin damage was quantified using a categorical method for fin erosion. The 183 intensity of fin erosion was based on an ordinal scale of 0 (0% of fin eroded), 1 (1% to 24% 184 of fin eroded), 2 (25% to 49% of fin eroded) and 3 (> 50% of fin eroded) (Cañon Jones et al., 185 2010 , 2011 . Additionally, fin splits (separation of > 3 mm between fin rays) and other 186 external lesions were quantified at the end of the experiment. and fin-biting were quantified using all occurrences recording (Lehner 1996) from video 213
recordings to obtain the total number of events for each fish. Attacks were defined as a rapidswimming movement(s) of fish A directed towards fish B, with fish B swimming away rapidly 215 (to more than one fish body length distant) but with no physical contact occurring between 216 the two fish during the attack. Displacements were defined as a slow swimming movement 217 of fish A directed towards fish B, with fish B swimming away from fish A (to more than one 218 fish body length distant) but with no physical contact between fish during the displacement. 219
Biting was defined as a direct physical contact between fish A towards fish B accompanied 220 by a rapid escape movement response (to more than one fish body length distant) in fish B 221 in response to the biting. In practice therefore, fish were fully capable of evading 222 aggressor(s) except in the case of biting. The information from the aggressive behavior 223 analysis was used to calculate and compare data relating both to the total amount of 224 aggressive interactions and the sub-classifications of aggressive behaviors (attack, 225 displacement and fin-biting) between experimental groups. The initiator(s) and the 226 receiver(s) of any aggressive interaction were recorded and weighted matrices for social 227 network analysis were constructed. Aggressive interactions were also used to calculate and 228 compare the total amount of aggressive interactions and attacks, displacements and fin bites 229 within and between experimental groups. 230 231
Social network analysis 232 233
Social network analysis of the associative and aggressive interaction matrices was 234 carried out using UCINET 6© (Borgatti et al. 1999) . At the group level, quantified network 235 variables were degree-centrality, clustering coefficient, transitivity, distance and density. At 236 the individual level, quantified network variables were degree-centrality, out and in-degree 237 centralities, clustering coefficients and distances. Detailed explanations of these network 238 variables have been described previously (Cañon Jones et al. 2010) . Briefly, degree-239 centrality is a measure based on the number of interactions an individual has with others 240 within the network and represents how central and influential the individual is within the 241 network. In the case of associative interaction matrices, these interactions are always 242 symmetrical and reciprocal and therefore only overall degree-centrality was measured. On 243 the other hand, aggressive interactions could be reciprocal or non-reciprocal and usually 244 non-symmetrical; therefore we calculated the in-degree centrality (amount of aggression 245 received by each individual or group) and the out-degree centrality (amount of aggression 246 generated by each individual or group). We then classified fish as initiators or receivers of 247 aggression based on the relative differences between in-degree and out-degree centralities. 248
A fish was classified as an initiator (I) if its out-degree centrality was at least four times 249 greater than its in-degree centrality. A fish was classified as a receiver (R) if its in-degree 250 centrality was at least four times greater than its out-degree centrality. Otherwise, fish were 251 The structure and position of each fish were quantified from the video recordings at 267 1-minute intervals. Fish were classified as being either schooling or shoaling (Cañon Jones 268 et al. 2010 , 2011 . Schooling was defined as a coordinated behavior where two or more fish 269 were within association length/width and orientated in the same direction. On the other hand,shoaling was defined as an uncoordinated behavior where fish were within association 271 length/width but showed no coordinated orientation and direction (Parrish et al. 2002) . 272
Additionally, any schooling fish was recorded as being located at the front, middle or back of 273 the school when more than 50% of the fish body length was located either in the first, 274 second or last third of the school respectively. 275
276
Statistical analyses 277 278
The Shapiro-Wilkes test of normality, descriptive analyses and one-way analyses of 279 variance were carried out on weight, length, fin damage (splits and bites), SGR and K (Zar At the group level, social networks analyses based on aggressive interactions 314 showed that FR groups had higher overall degree-centrality (47.94% vs. 35.93%, H 1 = 5.33, 315 P = 0.02), clustering coefficient (0.16 vs. 0.07, H 1 = 5.33, P = 0.02), out-degree centrality 316 (54.33% vs. 35.69%, H 1 = 4.08, P = 0.04) and in-degree centrality (15.94% vs. 6.19%, H 1 = 317 5.33, P = 0.02) than networks in C groups. Also, the networks in FR groups were 318 significantly more dense (16.07 vs. 6.98, H 1 = 5.39, P = 0.02) than in C groups. Network 319 distance was lower (1.06 vs. 1.07) in FR compared to C groups while transitivity was high 320 (84.87% vs. 79.93%) in both FR and C groups but no statistical significant differences were 321 observed (P > 0.05). 322
These group-level results suggest that short-term feed restriction induced a particular 323 separation of roles where fish with a specific arrangement of clusters separate into groups of 324 initiators and receivers of aggression. Network analysis at the individual level showed that 325 initiators had high out-degree centrality (64.76% vs. 3.24%, H 1 = 11.38, P < 0.01) whilereceivers showed high in-degree centrality (22.64% vs. 14.41%, H 1 = 5.48, P = 0.02). The 327 graphical representation of the separation of roles of fish and clusters of initiators and 328 receivers in the networks is shown in Figures 2 and 3 for C and FR groups respectively. In 329 the FR group, initiators had no dorsal fin erosion but all receivers did (0 vs. 5 fish) but there 330 were no significant differences (P > 0.05) in final weight (61.9 g vs. 60.5 g) or length (17.1 331 cm vs. 17.6 cm) between initiators or receivers of aggression (Table 2) . 332
In addition, linear regression modelling showed differences in degree centralities only 333 in FR groups with clusters of fish with high out-degree (F 1.78 = 47.021, P < 0.01) and clusters 334 of fish with high in-degree centrality ( (Table 1 and 2) but they represent strong and novel evidence of fin damage under a 366 short feed restriction period. 367 FR groups not only exhibited the most severe dorsal fin erosion but also exhibited a 368 trend towards the highest biting frequency suggesting aggression was the most probable 369 cause of dorsal fin erosion in this study. The exact timing of fin damage occurrence could not 370 be determined but the results of the Mantel test strongly suggest that fin damage was the 371 result of aggressive behavior induced by feeding restriction. These results extend previous 372 findings on the effect of a longer 30 day period of feed restriction resulting in the 373 development of fin damage in Atlantic salmon parr (Cañon Jones et al. 2010) . Taken 374 together with the results of the present study, this provides further support for the hypothesis 375 that dorsal fin damage in salmonids is primarily the result of aggression between fish as has 376 been previously suggested (MacLean et al. 2000b , Turnbull et al. 1998 , Turnbull and 377 Huntingford 2012 , Ellis et al. 2008 . Other factors such as nutritional status and water quality 378 (biotic and abiotic) (Bosakowski and Wagner 1994a , Bosakowski and Wagner 1994b , Ellis 379 et al. 2008 , Latremouille 2003 , Moutou et al. 1998 ) are likely to predispose or perpetuate fin 380 damage that originated from active physical damage occurring between fish rather than by 381 causing the damage per se. 382
